Objective: To investigate cognitive and behavioural effects of bilateral lead implants for high frequency stimulation (HFS) of the subthalamic nucleus in patients with Parkinson's disease; and to discriminate between HFS and the effects of surgical intervention on cognitive function by carrying out postoperative cognitive assessments with the stimulators turned on or off. Methods: Motor, cognitive, behavioural, and functional assessments were undertaken in 20 patients with Parkinson's disease before implantation and then at three, six, and 12 months afterwards. Nine patients were also examined 18 months after surgery. Postoperative cognitive assessments were carried out with stimulators turned off at three and 18 months, and turned on at six and 12 months. Results: Cognitive assessment showed a significant postoperative decline in performance on tasks of letter verbal fluency (across all postoperative assessments, but more pronounced at three months) and episodic verbal memory (only at three months, with stimulators off). At three, six, and 12 months after surgery, there was a significant improvement in the mini-mental state examination and in a task of executive function (modified Wisconsin card sorting test). On all postoperative assessments, there was an improvement in parkinsonian motor symptoms, quality of life, and activities of daily living while off antiparkinsonian drugs. A significant postoperative decrease in depressive and anxiety symptoms was observed across all assessments. Similar results were seen in the subgroup of nine patients with an 18 month follow up. Following implantation, three patients developed transient manic symptoms and one showed persistent psychic akinesia. Conclusions: Bilateral HFS of the subthalamic nucleus is a relatively safe procedure with respect to long term cognitive and behavioural morbidity, although individual variability in postoperative cognitive and behavioural outcome invites caution. Stimulation of the subthalamic nucleus does not per se appear to impair cognitive performance in patients with Parkinson's disease and may alleviate the postpoperative decline in verbal fluency.
I
n recent years, various new procedures have been introduced for the treatment of severe Parkinson's disease, including posteroventral pallidotomy and chronic electrical high frequency stimulation (HFS) of the internal globus pallidus or the subthalamic nucleus. This is a reversible and adaptable procedure which may produce marked improvement in the cardinal motor symptoms of Parkinson's disease, through a functional inactivation of the internal globus pallidus or the subthalamic nucleus. [1] [2] [3] [4] However, the effects of these HFS procedures on cognition and behaviour in Parkinson's disease have still to be clearly defined. They might give rise to cognitive and behavioural changes either by inducing surgical microlesions or by modifying the activity of the basal ganglia-thalamocortical circuitry, with possible additional effects on distant neural systems. The ventromedial part of the subthalamic nucleus is linked to associative cortical areas and may play a role in cognition and mood.
Cognition has been assessed in various studies of patients with Parkinson's disease before and after surgery for HFS of the subthalamic nucleus, with stimulators turned on (on condition) during the postoperative evaluation. These studies, however, have been unable to distinguish between the cognitive effects of the surgical intervention and those of HFS per se, because postoperative cognitive assessments were systematically carried out only with stimulators on. In all the studies that have assessed cognition in patients with Parkinson's disease before and after subthalamic nucleus HFS, and with stimulators on during the postoperative evaluation, there has been a worsening in verbal fluency tasks after the procedure. In addition, a decline in tasks sensitive to frontal lobe dysfunction and in memory tasks has been reported in some studies [5] [6] [7] but not in others. 8 Postoperative cognitive performance in patients treated by HFS with the stimulators on versus off has been assessed in two studies, but there are discrepancies in the findings. 9 10 In addition, those studies have only focused on tasks sensitive to frontal lobe dysfunction, and the postoperative cognitive assessments were done in on and off conditions only at short test-retest intervals.
In the present study, we had two main objectives: first, to investigate cognitive and behavioural effects of bilateral HFS of the subthalamic nucleus in a homogeneous group of patients with Parkinson's disease, in order to assess the safety of the procedure and any cognitive morbidity that might be involved; and second, to attempt to discriminate between the effects on cognition of surgical intervention and the effects of HFS of the subthalamic nucleus per se, by doing postoperative cognitive assessments under two different stimulation conditions (stimulators turned on or off). We set out to explore a wide range of cognitive functions (including episodic memory, working memory, and non-verbal abstract reasoning) in addition to tasks sensitive to frontal lobe dysfunction.
It is well documented that in serial neuropsychological assessments improved performance may result from the repeated administration of a cognitive task (practice effects), especially with short test-retest intervals.
11 Accordingly, in order to limit the influence of learning from repeated cognitive testing on the comparisons between different stimulation conditions (stimulators on versus off), relatively long intervals between cognitive assessments under different stimulation conditions were chosen in our study.
METHODS

Patients
Twenty patients with Parkinson's disease (11 men, nine women) were selected for implantation according to the following inclusion criteria 14 Exclusion criteria were a history of previous brain surgery or implantation of a heart pacemaker, an unstable antiparkinsonian drug regimen, severe psychiatric symptoms (hallucinations, major depression), moderate or severe cognitive impairment as measured by scores below 20 on the minimental state examination (MMSE), a diagnosis of dementia according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV), 15 and unsatisfactory general condition.
The main demographic and clinical characteristics of patients at time of implantation are given in table 1.
Neurosurgical procedures
All the patients received a bilateral stereotactic subthalamic nucleus implant, following neurosurgical procedures that have already been described. 12 The mean (SD) voltage of stimulation was 2.64 (0.36) V at three months, 2.76 (0.33) V at six months, 2.83 (0.39) V at 12 months, and 2.89 (0.45) V at 18 months. Thus, there was a slight increase in the energy delivery required over time in order to assure optimal control of parkinsonian motor symptoms. This was comparable with the setting variations reported in other studies. 3 Clinical assessment All the patients underwent motor, cognitive, behavioural, and functional assessments, both preoperatively and postoperatively. Motor assessment was carried out using the motor examination part of the unified Parkinson's disease rating scale (UPDRS), 16 with evaluations before surgery and at three, six, 12, and 18 months after the implant, both with and without antiparkinsonian drug treatment. 12 All cognitive, behavioural, and functional assessments were done while the patients were on anti-parkinsonian drugs, both before and after surgery. Cognitive assessment was carried out by means of a neuropsychological test battery which was assembled according to the following criteria: relatively short duration (two to three hours), assessment of a range of cognitive functions known to be affected by Parkinson's disease, and inclusion of tests known to be sensitive to the effects of pallidotomy. Tests sensitive to motor speed were not included in the neuropsychological battery to minimise the possible deleterious effects of dyskinesias on the results.
Overall cognitive status was assessed by means of the MMSE. 17 Verbal short term memory was assessed by digit span forward and backward. 18 Spatial short term memory was evaluated by Corsi's block tapping test. 19 Episodic verbal memory was assessed by Rey's auditory verbal learning test (RAVLT). 20 For the RAVLT, randomised parallel forms were used in different assessments to limit practice effects. To investigate non-verbal abstract reasoning we used Raven's progressive matrices '47. 21 To assess frontal-executive functions, we used the modified Wisconsin card sorting test (MWCST) 22 and a letter verbal fluency task. 23 The score range for those neuropsychological measures that have a prefixed maximum score is reported in tables 3 and 4.
Behavioural assessment included an evaluation of mood and anxiety using Zung's self rating depression scale (SDS) 24 and Zung's self rating anxiety scale (SAS), 25 which can quantify symptoms of depression and anxiety at the time of testing. In addition, a clinical interview to detect the presence of behavioural abnormalities or psychiatric disorders was conducted in all patients. Functional assessment included evaluation of activities of daily living (ADL) and of quality of life. ADL during periods with and without antiparkinsonian drug treatment in the last month were evaluated using the ADL subscale of the UPDRS. 16 Quality of life during the last three months was assessed by the Parkinson's disease quality of life questionnaire (PDQL). 26 
Study design
A preoperative assessment (baseline) was made during the four weeks preceding the bilateral implantation of electrodes. In the overall group of 20 patients, postoperative assessments were carried out at three, six, and 12 months after implantation. In addition, nine of the 20 patients also underwent a postoperative assessment 18 months after implantation. Postoperative assessments of cognitive functioning were done in two different stimulation conditions according to an ABBA design: at three and 18 months the patients were examined 60 minutes after turning the stimulators off, while at six and 12 months the stimulators were left in the on condition. As the repeated administration of a cognitive task (especially with short test-retest intervals) may result in an improved performance from practice, relatively long intervals between cognitive assessments under different stimulation conditions were chosen.
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Statistical analyses
To assess the outcome of the patients as a group (group outcome) and as individuals (individual outcome), two sets of analyses were carried out. To evaluate group outcome, the scores of the sample of patients obtained on each postoperative assessment were compared with preoperative scores by means of the Wilcoxon's signed rank test. This non-parametric test was chosen because of the small sample size and the nonnormally distributed data. Given the explorative nature of our study, the standard non-corrected significance α level of p < 0.05 was used to reduce the risk of a type II error. However, given the risk of type I error with multiple comparisons in a relatively small sample of patients, significant results should be accepted with caution when the α levels are only marginally less than 0.05. 5 6 In addition, in the overall sample of 20 patients each individual postoperative raw score was transformed to a standard z score, using means and standard deviation values of the sample at baseline, to evaluate postoperative changes among individual patients on cognitive, behavioural, and functional variables. The criterion of an increase of more than +1.0 SD was used to register individual postoperative improvements, while a decrease of more than −1.0 SD was used to register individual postoperative declines. 27 
RESULTS
Group outcome
After surgery, parkinsonian motor symptoms improved in all the patients (table 2) . Compared with preoperative scores, there was a significant improvement in UPDRS motor scores in all postoperative assessments without antiparkinsonian drug treatment, and a significant reduction in the total levodopa equivalent daily dose (LEDD). Motor fluctuations improved in all patients and on state dyskinesias were markedly reduced.
The group outcome on cognitive variables for the overall group of 20 patients with a 12 month follow up is reported in table 3. On the letter verbal fluency task, there was a highly significant postoperative decline at three months, with stimulators off (mean decline, −21.5%; p = 0.0005), and a significant decline at six months (mean decline, −11.3%; p = 0.0283) and 12 months, with stimulators on (mean decline, −14.8%; Table 3 Results obtained on cognitive, behavioural, and functional variables at baseline and follow up visits in the overall group of 20 patients with a 12 month follow up p = 0.0382). On the episodic verbal memory task, a postoperative decline was observed only at three months with stimulators in off state, on both immediate recall (mean decline, −13.3%; p = 0.0217) and delayed recall of the RAVLT (mean decline, −14.1%; p = 0.0395). Conversely, an improvement in postoperative performance was detected on the MMSE at three months (mean improvement, +4.9%; p = 0.0144), six months (mean improvement, +4.5%; p = 0.0097), and 12 months (mean improvement, +6.7%; p = 0.0042). On the MWCST, there was improved postoperative performance in the number of correct criteria at six months (mean increase, +18.6%; p = 0.0284) and 12 months (mean increase, +16.3%; p = 0.0300), and in the number of total errors at six months (mean decrease, −39.2%; p = 0.0186) and 12 months (mean decrease, −43.4%; p = 0.0066). On this latter task, a decrease in perseverative errors was observed at three months (mean decrease, −47.6%; p = 0.0219), six months (mean decrease, −58.7%; p = 0.0135), and 12 months (mean decrease, −50.8%; p = 0.0121).
With respect to the outcome on behavioural and functional variables in the overall group of 20 patients with a 12 month follow up (table 3, lower part), there was a decrease in depressive symptoms at three months (mean decrease on SDS, −21.0%; p = 0.0070), six months (mean decrease on SDS, −14.8%; p = 0.0332), and 12 months (mean decrease on SDS, −15.9%; p = 0.0060). A decrease in anxiety symptoms was also observed at three months (mean decrease on SAS, −15.3%; p = 0.0097), six months (mean decrease on SAS, −11.7%; p = 0.0362), and 12 months (mean decrease on SAS, −16.8%; p = 0.0268). There was an improvement in the quality of life at three months (mean decrease on PDQL, −37.0%; p = 0.0032), six months (mean decrease on PDQL, −42.4%; p = 0.0008), and 12 months (mean decrease on PDQL, −34.7%; p = 0.0048). A highly significant improvement in activities of daily living off drug treatment was observed at three months (mean decrease on UPDRS-ADL, −72.6%; p < 0.0001), six months (mean decrease on UPDRS-ADL, −74.0%; p < 0.0001), and 12 months (mean decrease on UPDRS-ADL, −72.3%; p < 0.0001). For ADL on drug treatment, there was significant improvement only at six months (mean decrease on UPDRS-ADL, −32.7%; p = 0.0141) and 12 months (mean decrease on UPDRS-ADL, −38.6%; p = 0.0313).
The results on cognitive, behavioural, and functional variables in the subgroup of nine patients with an 18 month follow up were quite similar to those obtained in the overall group of 20 patients, as shown in table 4. This shows only those tasks with significant changes from baseline. Interestingly, a postoperative decline in letter verbal fluency was observed only at three months (mean decrease, −27.9%; p = 0.0280) and 18 months (mean decrease, −18.4%; p = 0.0357) with stimulators in the off condition, but not at six and 12 months (in the on condition). On Raven's progressive matrices '47, there was an improvement at three months (mean increase, +7.6%; p = 0.0425) and 12 months (mean increase, +9.2%; p = 0.0280). Moreover, a significantly improved postoperative performance was observed on the MWCST for both the number of total errors at six months (mean decrease, −47.8%; p = 0.0464) and the number of perseverative errors at three months (mean decrease, -63.4%; p = 0.0277), six months (mean decrease, −70.7%; p = 0.0277), and 12 months (mean decrease, −73.2%; p = 0.0180).
In this subgroup of nine patients (table 4) , an improvement in quality of life and ADL while off antiparkinsonian drugs was observed in all postoperative assessments, while a decrease in both depressive and anxiety symptoms was observed in all postoperative assessments except for that at 18 months. There was also a significant improvement in ADL while on drug treament at six, 12, and 18 months. Table 4 Results obtained on cognitive, behavioural, and functional variables at baseline and follow up visits in the subgroup of nine patients with an 18 month follow up 
Individual outcome
The individual outcome on cognitive, behavioural, and functional variables on three month, six month, and 12 month postoperative assessments in the sample of 20 patients is given in table 5. After implantation, no patient became demented according to the DSM-IV criteria. 15 Across all postoperative assessments, the percentage of patients who showed deterioration on the letter verbal fluency task was substantially greater than the percentage who improved. Moreover, on an episodic memory task (immediate and delayed recall of RAVLT) at three months, the percentage of patients who declined was also substantially greater than the percentage who improved. By contrast, across all postoperative assessments the percentage of patients who improved on other cognitive tasks (MMSE, Corsi's span, number of total errors and perseverative errors on the MWCST) was greater than the percentage who declined. A marked degree of individual variability was observed on digit span backward across all postoperative assessments. A minority of patients showed no postoperative change on this verbal short term memory task, while most had either a postoperative improvement or a decline.
At three, six, and 12 months, on most behavioural and functional variables assessing depressive and anxiety symptoms, quality of life, and ADL while off antiparkinsonian drugs, the percentage of patients who showed a postoperative improvement was markedly greater than the percentage with a postoperative decline.
Adverse events
Eleven of the 20 patients experienced adverse events. Four had persistent complications: psychic akinesia (one patient), mild worsening of dysarthria (two patients), and a mild worsening of hypophonia (one patient). The patient who showed worsening of hypophonia also experienced transient ballistic or choreic dyskinesias of the neck or limbs, as did one of the patients who showed a worsening of dysarthria. Seven further patients had only transient adverse effects: three showed transient manic symptoms with hypersexuality, 28 one experienced paraesthesiae, and two experienced paraesthesiae and diplopia. One of these latter patients had a perioperative complication, namely a mild subarachnoid haemorrhage, the only presenting symptom being transient diplopia. No permanent lesions occurred in any patient, as confirmed by neurological examination and magnetic resonance imaging.
DISCUSSION
The results of cognitive assessment in the overall group of 20 patients treated by HFS of the subthalamic nucleus with 12 months of follow up showed that three months after surgery, with stimulators off, there was a highly significant decline in a letter verbal fluency task and a significant decline in a episodic verbal memory task (immediate and delayed recall of the RAVLT), while a significant postoperative improvement was observed on the MMSE and on a task of executive function (the MWCST, with a decreased number of perseverative errors). Six and 12 months after surgery, with stimulators in the on condition, there was a significant postoperative decline in letter verbal fluency (although not as marked as at three months) and an improvement in the MMSE and the MWCST (increased number of correct criteria, decreased number of total and perseverative errors).
In the overall group of 20 patients, there was a significant postoperative decrease in both depressive and anxiety symptoms and an improvement in parkinsonian motor symptoms. Improvements in quality of life and activities of daily living off drug treatment were observed across all postoperative assessments. Similar results were observed in the subgroup of nine patients with an 18 month follow up. Following implantation, 11 patients experienced adverse events, which were persistent in four.
A postoperative decline in a letter verbal fluency task was observed in the overall group of 20 patients across all postoperative sessions. This decline was marginally significant at six and 12 months (with the stimulators in the on condition) and highly significant at three months (with stimulators off). This observation may indicate that a decline in verbal fluency was either more pronounced in the early postoperative stages or that it was attenuated by stimulation (or both). In this respect, it has been reported that the postoperative decline in letter verbal fluency might be more marked at three months than at 12 months, 10 and that it is attenuated when stimulators are in the on condition. 9 The latter finding is in agreement with our observation of a significant postoperative decline in letter verbal fluency only at three and 18 months (with stimulators off) in the subgroup of nine patients with an 18 month follow up, but not at six and 12 months (with stimulators on). In all, these findings support the view that a decline in verbal fluency may be attenuated by stimulation of the subthalamic nucleus.
Declines in letter or category fluency have been reported in patients with Parkinson's disease after unilateral or bilateral pallidotomy 27 29 and after surgery for electrode implantation in the internal globus pallidus 30 or subthalamic nucleus. 9 As a decline in verbal fluency may also be observed in non-operated patients, this skill could be considered "at risk" in patients with Parkinson's disease. The decline in verbal fluency observed in patients with HFS of the subthalamic nucleus might arise from surgical microlesions of critical neural systems located close to the anterior cingulate cortex in relation with the parasagittal trajectory used for electrode implantation, 9 within the distributed "cognitive" loops involved in verbal fluency tasks. It is also possible that HFS of the subthalamic nucleus might influence the activity of such cognitive loops involved in verbal fluency tasks by attenuating the decline in verbal fluency. According to this hypothesis cognitive deficits induced by surgery could be compensated by stimulation of the subthalamic nucleus. 10 Our study expands earlier investigations that have assessed cognition in Parkinson's disease only with stimulators turned on. Ardouin et al investigated cognition and mood in 62 patients before and three to six months after bilateral HFS of the subthalamic nucleus or internal globus pallidus with stimulators in the on condition. 8 That study showed no significant postoperative decline in memory or executive functions, but detected a reduction in letter verbal fluency together with an improvement in mood in both the subthalamic nucleus group and in the whole patient population (which included those with globus pallidus stimulation). Moreover, postoperative improvement was observed in the whole population on the trail making test, a task sensitive to selective visual attention, motor speed, and cognitive flexibility. Saint-Cyr et al investigated neuropsychological changes in a group of 11 patients with Parkinson's disease treated with HFS of the subthalamic nucleus, including six patients older than 69 years. 5 Assessments were always undertaken with the stimulators in the on condition. At three to six months postoperatively there was a significant decline in tasks of verbal fluency, verbal and visuospatial memory, and executive function (trail making B test). At nine to 12 months, a significant postoperative decline was observed in tasks of verbal fluency, verbal and visuospatial memory, working memory, and executive function (trail making B test, conditional associative learning test), and in the frontal lobe personality scale. The investigators concluded that bilateral HFS of the subthalamic nucleus can have a negative impact on frontal executive functions, especially in patients older than 69 years, suggesting that further studies are needed to investigate the possible reversibility of these effects when HFS is turned off. Trepanier et al compared the neuropsychological outcome in patients with HFS of the internal globus pallidus or subthalamic nucleus 31 and suggested that older patients were at risk of cognitive and behavioural decline after bilateral HFS of the subthalamic nucleus, while globus pallidus stimulation may be safer. Alegret and coworkers 6 assessed cognition and behaviour in 15 patients with Parkinson's disease before and three months after surgery for bilateral HFS of the subthalamic nucleus, with stimulators in the on condition. They observed a postoperative improvement in both the trail making B test and the Maudsley obsessive compulsive inventory. This study, however, showed a postoperative decline in a visuospatial task (the line orientation test), in tasks of verbal memory and verbal fluency, and in the Stroop word-colour test (an attentional task measuring the inhibition of cognitive interference). Dujardin et al investigated nine patients before and at three and 12 months after surgery for HFS of the bilateral subthalamic nucleus, with stimulators on. 7 They observed a significant postoperative decline in episodic verbal memory only at three months, and a decline in the Stroop word-colour test at 12 months. Behavioural changes (apathy, depression, anxiety) were also reported in four patients.
Recently, two studies have assessed postoperative cognitive performance in patients with Parkinson's disease treated by HFS with the stimulators in the on versus the off condition. Jahanshahi et al investigated the effects of bilateral HFS on executive functions in seven Parkinson's disease patients with electrode implantation in the subthalamic nucleus and in six with implantation in the internal globus pallidus. 9 The patients were assessed three times: with stimulators off, with stimulators on, and with stimulators off again. With stimulators on, both the subthalamic nucleus and globus pallidus groups showed a decline in a conditional associative learning task and improved performance on various tests of executive function (trail making tests A and B, paced visual serial addition test, missing digit test, and the naming of colour subtest of the Stroop test). With the stimulators on, the subthalamic nucleus group showed significant improvement on some further tests of executive function (MWCST, random number generation).
In the other study, Pillon et al investigated the effects of subthalamic nucleus or globus pallidus stimulation by comparing cognitive performance of two groups of patients with stimulators on or off at three to 12 months after surgery. 10 When stimulators were in the on condition, a significant improvement in tests of psychomotor speed and spatial working memory was observed only in the patients with stimulation of the subthalamic nucleus. No cognitive long term effect of HFS was detected 12 months after surgery except for a mild postoperative decline in a semantic category verbal fluency task in the patients with stimulation of the subthalamic nucleus, which was observed at three and 12 months under both conditions (stimulators on or off).
In our study, a postoperative decline was detected in a task of episodic verbal memory (immediate and delayed recall of the RAVLT) at three months (with stimulators off), but not at six and 12 months (with stimulators on). This observation might suggest that, following the subthalamic nucleus implant, a slight decline in episodic verbal memory could be either more evident in the early stages of postoperative follow up or attenuated by subthalamic nucleus stimulation per se, or both. The observation of a postoperative decline in episodic verbal memory at three months 6 7 28 supports the view that a decline in episodic verbal memory may be more evident in the early postoperative stages. On the other hand, the slight but significant improvement observed in our study on the MMSE at six and 12 months after surgery, with stimulators on, is difficult to interpret, as this task is aimed at assessing the overall cognitive status by screening various major cognitive domains. Such an improvement on the MMSE could reflect either a small but genuine postoperative improvement in overall cognitive functioning induced by subthalamic nucleus stimulation, or (more likely) a practice effect, or both.
Similarly, the improved postoperative performance detected in the overall group of our 20 patients on the MWCST in all postoperative assessments (but more notably at six and 12 months, with stimulators on) could arise either from a genuine improvement in specific frontal executive functions (set shifting ability) or (perhaps more likely) from a practice effect, or both. This finding, however, is in agreement with some previous reports of improved performance with stimulators on detected on various tests of executive function, such as the MWCST 9 and tasks of spatial working memory, 10 suggesting that stimulation of the subthalamic nucleus could, at least in some patients, improve executive functions and working memory. On the other hand, it should be pointed out that these findings are at variance with the results of the study conducted by Saint-Cyr et al, 5 which suggests that bilateral subthalamic nucleus HFS can have a negative impact on frontal executive functions, especially in patients older than 69 years. It has been proposed 31 that differences between the neuropsychological outcome in patients with Parkinson's disease operated on in different centres may be influenced by various factors, including the location and extent of the neurosurgical lesions and the characteristics of the patients selected for surgery (age, preoperative cognitive status, comorbidity with other conditions such as psychiatric disorders). In this respect, it is worth commenting that the mean age of the patients in Saint-Cyr's study (66.5 years) was about nine years older than the mean age of the patients in our study (57.0 years), who showed no postoperative impairment in tasks of executive function.
The marked improvement in parkinsonian motor symptoms observed in the present series might at least partially explain not only the postoperative improvement in the quality of life and activities of daily living but also the postoperative decrease in depressive and anxiety symptoms-as a psychological response to the alleviation of disabling motor symptoms. 9 However, the possible influence of HSF of the subthalamic nucleus on the neural circuits involved in mood should also be considered. 4 28 32 The analysis of postoperative changes in individual patients in cognitive, behavioural, and functional variables showed some individual variability which could, at least in part, reflect slight variability in lead placement. 33 
Limitations
Longitudinal studies on the neuropsychological outcome after surgical treatments of Parkinson's disease raise several methodological issues. First, it is necessary to consider that cognitive decline may occur in patients with Parkinson's disease over time, although very little decline is usually observed over a 12 month period. 5 Second, we have already been mentioned that in serial neuropsychological assessments improved performance may result from practice effects, especially with short test-retest intervals. 11 To mitigate such practice effects, various approaches could be employed, such as the use of parallel forms of cognitive tasks or the comparison of results with an unoperated group of patients. However, the value of these approaches is restricted by the limited availability of parallel forms and by the logistic problems incurred in the recruitment of an unoperated group of patients. 34 Given the limited availability of alternative forms for many of the cognitive tasks selected for our study, relatively long intervals between cognitive assessments under different stimulation conditions were chosen to limit practice effects.
An additional methodological issue derives from the choice of the most appropriate pharmacological conditions during preoperative and postoperative cognitive testing. Neuropsychological assessments in Parkinson's disease patients treated by HFS of the subthalamic nucleus have been carried out under variable pharmacological conditions. In some studies, both preoperative and postoperative assessments were performed with the patients on anti-parkinsonian drug treatment. 6 7 In other studies, preoperative and postoperative assessments were carried out without anti-parkinsonian drugs in all patients, 6 9 or in most of them. 8 10 In one study, conducted in patients treated by unilateral internal globus pallidus HFS, 35 subjects were assessed with medication preoperatively and without medication postoperatively. It is not possible to exclude the possibility that a postoperative reduction in anti-parkinsonian drugs in patients treated by HFS of the subthalamic nucleus could to some extent influence their performance on cognitive tasks. Although cognitive assessments in patients free of antiparkinsonian drugs for at least 12 hours before and after surgery could minimise the influence of changes in drugs on cognitive performance, it should be pointed out that in at least some patients the severity of the motor symptoms while they are off drug treatment (particularly preoperatively) might not permit cognitive testing. 6 
Conclusions
Our study supports the view that bilateral HFS of the subthalamic nucleus is a relatively safe procedure with regard to cognitive and behavioural morbidity over a long term follow up (up to 18 months). However, individual variability in postoperative cognitive and behavioural outcome-as observed in our sample and in other studies-invites caution. Further investigations are necessary to elucidate the reasons for such individual variability in outcome, which could be influenced by various factors such as the characteristics of the patients (age, preoperative cognitive status, history of psychiatric disorders) and the exact location of the electrode placement. In addition, our findings indicate that stimulation of the subthalamic nucleus per se does not seem to impair cognitive performance in patients with Parkinson's disease, suggesting-in agreement with earlier results 9 -that subthalamic stimulation could attenuate the observed postoperative decline in verbal fluency tasks, at least in some patients. 
